In light of increasing obesity among the elderly, understanding the role of nutritional guidelines in preventing weight gain is of major importance. The authors evaluated the impact of the French Programme National Nutrition Santé (PNNS)-Guideline Score (GS) (maximum score, 15 points) on anthropometric changes in a large populationbased study. Subjects in the present analysis (n ¼ 3,531) were participants in the SUplé mentation en VItamines et Miné raux AntioXydants (SU.VI.MAX) study (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002) and had available data for estimating the PNNS-GS and anthropometric data at baseline and 6 years later. Data were analyzed by using multivariate linear regression models for the association with anthropometric changes and multiple logistic regression to estimate odds ratios of becoming overweight or obese. The authors found a significant negative association between PNNS-GS and changes in markers of anthropometry. In addition, better adherence to the PNNS-GS was associated with a lower incidence of overweight (odds ratio ¼ 0.93, 95% confidence interval: 0.88, 0.99) and obesity (odds ratio ¼ 0.89, 95% confidence interval: 0.80, 0.99) after a 6-year follow-up period. These observations support the role of nutritional guidelines in prevention of age-related weight increase and development of obesity.
The prevalence of obesity is rising rapidly worldwide. In particular, the prevalence of overweight and obesity is high in the elderly, suggesting weight gain during adulthood (1) . Obesity is a major public health concern; it has been identified as a strong risk factor for cardiovascular diseases and cancer, and it influences physical and social functioning and quality of life (2) . As modifiable behaviors, diet and physical activity are of particular interest for public health interventions to prevent obesity and weight gain during adulthood.
A comprehensive approach to dietary behavior using scores was recently developed to describe overall dietary quality and adherence to nutritional guidelines (3, 4) . Such scores are particularly useful for estimating the potential impact of compliance with nutritional recommendations upon weight gain during adulthood. Some cross-sectional studies focusing on associations between dietary scores (based on nutritional guidelines, Mediterranean diet, or quality of diet) and body size have reported an inverse association (5) (6) (7) (8) (9) . For instance, a cross-sectional analysis of Framingham Heart Study Offspring participants aged 10-70 years showed a higher Dietary Guidelines for Americans Adherence Index and lower body mass index (BMI) (8) .
To our knowledge, only one study has prospectively investigated the association between dietary scores, based on nutritional guidelines, and longitudinal changes in anthropometric characteristics (10) . In that study carried out with subjects aged 45-84 years, adherence to the Healthy Eating Index (HEI), based on 2005 Dietary Guidelines for Americans, was strongly associated with a lower BMI increase, and it predicted less obesity in the cohort.
In France, the National Nutrition and Health Program (Programme National Nutrition Santé, PNNS) was implemented in 2001 to improve the health status of the general population via nutrition (11) . National food-based guides have been developed and disseminated in the general population, offering practical advice on how to attain PNNS recommendations. We previously developed an a priori score based on adherence to these nutritional recommendations (PNNS-Guidelines Score, PNNS-GS). Indeed, we demonstrated, in a large cohort of middle-aged adults, its cross-sectional association with nutrient intake, BMI, and plasma biomarkers reflecting different aspects of nutritional status (12) . In the present analysis, we hypothesized that a higher PNNS-GS would lead to a lower increase in weight and BMI among middle-aged adults during several years of follow-up.
The aim of the present study was to investigate the association between PNNS-GS and 6-year changes in weight and body fat distribution, assessed by various anthropometric markers in middle-aged French men and women. A secondary aim was to determine the association between PNNS-GS and risk of overweight and obesity during follow-up.
MATERIALS AND METHODS

Population
Subjects were participants in the SUplémentation en VItamines et Minéraux AntioXydants (SU.VI.MAX) study, a randomized, double-blind, placebo-controlled, primary prevention trial initially designed to evaluate the effect of daily antioxidant supplementation (vitamin C, vitamin E, b-carotene, selenium, and zinc) at nutritional doses on the incidence of cardiovascular disease and cancer. The design has been previously described in detail elsewhere (13, 14) . Briefly, 12,741 eligible subjects (7,876 women aged 35-60 years and 5,141 men aged 45-60 years) were included in 1994-1995 and were followed up for 7.5 years. The SU.VI.MAX study was approved by the Ethical Committee for Studies with Human Subjects of the Paris-Cochin Hospital (CCPPRB no. 706) and the ''Commission Nationale Informatique et Liberté'' (CNIL no. 334641), which ensures that medical information is kept confidential and anonymous. Participants were invited on a yearly basis to undergo either a clinical or a biochemical examination from the time of study inclusion.
In the present analysis, we selected men and women aged 45-60 years at baseline who provided at least three 24-hour records between baseline and the first clinical examination and for whom no covariables for the present analyses were missing. We also excluded subjects with prevalent cases of major chronic diseases (cancer or ischemic diseases) occurring before inclusion in the SU.VI.MAX study.
Data assessment
Data on gender, date of birth, smoking status, and educational level were collected at study inclusion. A selfadministrated questionnaire was used.
Dietary data. Subjects were asked to complete a 24-hour record every 2 months, for a total of 6 records yearly, covering all days of the week and all seasons. Participants used an instruction manual to code food portions. This manual includes validated photographs of more than 250 typical foods shown in 3 different portion sizes. Subjects could also choose from 2 intermediate-sized or 2 extreme portions, for a total of 7 different possible portion sizes (15) . Dietary nutrient intakes were calculated by using a food composition table that includes more than 900 foods (16).
Alcohol intake (grams of alcohol/day) was also estimated by using a short, validated, semiquantitative dietary questionnaire (17) . Specific information on weekly consumption of seafood was collected by a self-administrated questionnaire at baseline.
Physical activity. Physical activity was assessed in 1998 through a French validated, self-administered version of the Modifiable Activity Questionnaire (18) . Type, frequency, and duration of activity performed at least 10 times for 10 minutes each session during leisure time over the past 12 months were collected. Using published compendiums (19, 20) , we assigned metabolic equivalent task-hours to each leisure activity reported and computed summary scores, including average metabolic equivalent task-hours per week of physical activity. For subjects for whom data on the Modifiable Activity Questionnaire were missing, a self-administered questionnaire coding physical activity into 3 categories (irregular, <1 hour of walking/day, !1 hour of walking/day) was used.
Anthropometric data. At the first (1995) (1996) and last (2001) (2002) clinical examinations of the cohort during follow-up, anthropometric markers were assessed. Weight was measured with an electronic scale (Seca, Hamburg, Germany), with subjects wearing indoor clothing and no shoes. Height was measured under the same conditions with a wall-mounted stadiometer. Waist circumference was measured as the circumference midway between the lower ribs and iliac crests, and hip circumference was measured as the largest circumference between waist and thighs, both in a standing position and with an inelastic tape.
Data computation and statistical analysis
PNNS-GS computation. PNNS-GS computation, including food grouping, serving sizes, scoring, cutoff values, and penalties, has previously been described in detail (12) . Briefly, the score was based on French national guidelines and included 13 components for a total of 15 points maximum. Eight components referred to French food serving recommendations, and 4 referred to consumption limitation. The final component dealt with adherence to physical activity recommendations. Scoring and cutoff values are presented in Table 1 .
A penalty for overconsumption was assigned to individuals whose energy intakes were higher than estimated energy expenditure (12) . Age, weight, and height at the first clinical examination were used to estimate Schofield's basal metabolic rate (21) . Energy expenditures were estimated by using basal metabolic rate and physical activity level. If energy intake was more than 5% over estimated energy expenditure, an identical fraction was deducted from the score. For example, the PNNS-GS of a subject with a PNNS-GS equal to 7 and a ratio of energy intake to energy expenditure of 1.1 (equivalent to 10% overconsumption) was reduced to 6.3. Compliance with physical activity recommendations was determined through the Modifiable Activity Questionnaire when available, considering that half an hour of moderate activity 5 days a week was equivalent to 16.25 metabolic equivalent task-hours per week. When Modifiable Activity Questionnaire information was missing, subjects who declared ''irregular'' physical activity on the self-administered questionnaire were classified as participating in ''<30 minutes per day of equivalent walking.'' Those who declared ''more than 1 hour per day'' were classified as ''>1 hour per day of equivalent walking.'' For the others, regression imputation using age and education was performed to classify subjects into <30 minutes or ''between 30 and 60 minutes per day of equivalent walking.'' Statistical analysis. Means of food and nutrient intake were calculated from at least three 24-hour dietary records between baseline and the first clinical examination. BMI was calculated as the ratio of weight in kilograms to squared height in meters (kg/m 2 ). Overweight (including obesity) was defined as BMI !25 kg/m 2 and obesity as BMI !30 kg/m 2 . Waist-to-hip ratio was calculated as the ratio of waist circumference to hip circumference. Anthropometric changes were computed as the difference in anthropometric markers between the last (2001-2002) and first (1995) (1996) values, stated as a percentage of the baseline value.
In this paper, descriptive results are reported as mean PNNS-GS (standard deviation) across category characteristics. Differences were tested by using analysis of variance. Two multivariate linear regression models were used to estimate the predictive value of PNNS-GS in terms of 6-year anthropometric changes (weight, waist circumference, waist-to-hip ratio, and BMI). A first model was adjusted for sex, age, and energy intake. A second model was fully adjusted for sex, age, energy intake, education, smoking status, supplementation group, height at baseline, and baseline value of the outcome (weight, waist circumference, waist-to-hip ratio, or BMI). In these analyses, negative b indicated that the increase (expressed as the percentage of the initial anthropometric marker) was less by b% for a 1-point-higher PNNS-GS. A positive b meant that the increase was more by b% for a 1-point-higher PNNS-GS.
In subsequent analyses, we performed logistic regression to estimate, for an increase of 1 unit in PNNS-GS, the odds ratio of becoming overweight for subjects not overweight at baseline and the odds ratio of becoming obese for nonobese subjects at baseline. The first model was adjusted for sex, age, and energy intake. The second model was fully adjusted for sex, age, energy intake, education, smoking status, and supplementation group (adjusted odds ratio). All tests of statistical significance were 2-sided.
RESULTS
Subject characteristics
Of 12,741 adults initially included in the SU.VI.MAX cohort, 4,485 subjects aged 45-60 years with complete data for baseline PNNS-GS computation were initially considered ( Figure 1) ; data for 1,600 women and 1,931 men were finally included in the present analyses. At baseline, men and women were aged 52.1 (standard deviation, 4.7) and 51.1 (standard deviation 4.6) years, respectively (P < 0.001).
Mean PNNS-GS was 7.4 (standard deviation, 2.0) for men and 7.8 (standard deviation, 1.9) for women (P < 0.001). Sex-stratified means of PNNS-GS according to baseline characteristics are presented in Table 2 . For both genders, mean PNNS-GS was lower for current smokers than for former smokers and subjects who had never smoked. For men, the lowest mean PNNS-GS was observed for those with a primary education, whereas the highest mean was observed for men who had received higher education. Finally, overweight women, compared with obese women, had a mean PNNS-GS significantly higher, whereas mean PNNS-GS was intermediate for women with a normal BMI.
We also compared subjects with and without longitudinal data for anthropometric markers in terms of baseline characteristics. The proportions of men and women as well as mean PNNS-GS were similar, but subjects followed up as required for our analyses were 1 year older, had higher energy intakes, had a lower BMI and waist circumference ratio, and were more often never smokers and less often had a low level of education compared with subjects whose final anthropometry measures were missing.
At baseline, the overweight and obesity prevalences were 44.1% and 6.7% among men and 19.5% and 6.5% among women, respectively. All mean anthropometric changes were positive, so that an increase in markers of body size throughout follow-up was generally observed. For instance, the 6-year mean weight change was 1.98 kg (standard deviation, 3.80) for men and 2.06 kg (standard deviation, 4.11) for women (data not tabulated).
PNNS-GS and anthropometric changes
The relation between PNNS-GS and anthropometric changes is presented in Table 3 . In fully adjusted models, an increase of 1 PNNS-GS unit was associated with lower weight gain (P ¼ 0.004), lower waist circumference gain (P ¼ 0.01), lower waist-to-hip-ratio gain (P ¼ 0.02), and lower BMI gain (P ¼ 0.002). In all analyses, the R-square value of the model was higher in fully adjusted models compared with sex-, age-, and energy-adjusted models.
Although no statistically significant interaction between gender and PNNS-GS was observed for anthropometric changes, we nonetheless performed these analyses for men and women separately (data not shown). Regarding BMI and weight changes, findings were similar for men and women in separate compared with pooled analyses, despite a loss of power. In contrast, associations between PNNS-GS and adiposity markers were observed for women only. Indeed, in fully adjusted models, an increase of 1 PNNS-GS unit was associated with lower waist circumference gain (P ¼ 0.01) and lower waist-to-hip-ratio gain (P ¼ 0.02).
Probability of becoming overweight or obese according to the PNNS-GS
During follow-up, of 949 men and 1,184 women whose BMI was <25 kg/m 2 at baseline, 219 men and 164 women became overweight (including obesity). Of 1,801 men and 1,496 women who were nonobese at baseline, 86 men and 47 women developed obesity during follow-up.
The odds ratios of becoming overweight (including obesity) or obese are presented in Table 4 . In the fully adjusted model, an increase of 1 PNNS-GS unit was associated with less likelihood of becoming overweight (adjusted odds ratio ¼ 0.93, 95% confidence interval: 0.88, 0.99). Similarly, an increase of 1 PNNS-GS unit was associated with less probability of becoming obese after adjustment (adjusted odds ratio ¼ 0.89, 95% confidence interval: 0.80, 0.99).
We also performed all analyses after exclusion of subjects with a history of cancer or cardiovascular disease during follow-up. However, results were not substantially modified (data not shown).
DISCUSSION
In our study, overall markers of body mass status, such as BMI and weight, and markers of abdominal adiposity, such as waist circumference and waist-to-hip ratio, were significantly related to previous PNNS-GS. In addition, PNNS-GS had a significant, favorable prognostic value for 6-year overweight and obesity incidence, since better compliance with guidelines was associated with a lower probability of becoming overweight or obese.
Up to now, only one other study is known to have provided findings on the association between a priori dietary scores based on nutritional guidelines and short-term changes in anthropometric characteristics (10 follow-up of 18 months. The authors reported that adherence to HEIs, whatever the version used, was inversely related to mean follow-up BMI and mean follow-up waist circumference. Our findings for anthropometric changes over a period of several years were similar. In the Multi-Ethnic Study of Atherosclerosis, analyses were performed by using hierarchic multinomial logistic regression, which simultaneously estimated the probabilities of becoming overweight and obese compared with maintaining normal weight. Despite using different methods, we similarly observed statistically significant predictive values of PNNS-GS for overweight and obesity development after adjustment for various confounders.
In addition, HEI-05 showed a relation with changes in BMI and development of obesity that was stronger than with HEI-90. For HEI-90, the number of adequate portions of the different food groups was determined by age and gender. For HEI-05, an additional factor was defined-physical activity. Their different prognostic values emphasize the need to take into account overconsumption in score development (4) , as in the PNNS-GS. Indeed, compliance with nutritional recommendations is easier for subjects with high total consumption, but energy intake may be a confounding factor in the relation between dietary quality and health. In addition, food necessary for meeting recommendations may be difficult to procure for individuals with low energy needs.
Moreover, other studies have investigated the associations between overall diet, by using adherence to a Mediterranean diet (22) (23) (24) , factor analysis (25-28), and/or cluster analysis (29) , and anthropometric changes over time or obesity development. Some similarities exist between the nutritional guideline score and the Mediterranean score, but associa-tions between Mediterranean diet adherence and weight changes were not consistently significant (22) (23) (24) . For instance, in the Seguimiento Universidad de Navarra (SUN) cohort, better adherence to a Mediterranean diet was associated with lower weight gain after a 28-month follow-up period, but this result did not remain significant in multivariate analysis. This discrepancy compared with our findings may be due to shorter follow-up in the analysis of the SUN cohort. In contrast, another Spanish study of adults showed that the probability of becoming obese for overweight participants was lower for subjects who strictly complied with a Mediterranean diet (22) , as we found when considering adherence to French nutritional guidelines.
In an American prospective study of adults aged 30-80 years, a healthy dietary pattern (characterized by high consumption of reduced-fat dairy products, fruits, fiber, fruit juice, nonwhite bread, nuts and seeds, whole grains, and beans and legumes) was related to a lower annual gain in BMI (compared with the ''meat and potatoes'' pattern) and waist circumference (compared with the ''white bread'' pattern and the ''meat and potatoes'' pattern) (29) . Despite differing analytic approaches to dietary data as well as age range, those findings were generally comparable to ours.
When considering gender-stratified analyses, we did not observe a significant relation between PNNS-GS and adiposity markers among men. Several factors may explain this discrepancy between men and women. One hypothesis is that men in our population were too old (mean age, 52 years) to enable us to observe an association between PNNS-GS and waist circumference. Moreover, the average baseline age of women in our population was close to that of menopause. Physiologic changes, namely, a waist circumference increase related to menopause, enabled detecting an association with PNNS-GS in our population. Finally, we cannot exclude the possibility that the absence of a significant association between PNNS-GS and adiposity markers in men was due to a lack of statistical power. The prevalence of obesity was similar among men and women in our population. In contrast, the prevalence of overweight was higher among men than among women. Such differences have been previously reported in other studies conducted in France (30, 31) and in other countries (32, 33) .
To better elucidate the clinical meaning of our results, we provide the following example. If we assume that energy intake penalty, confounders, and other PNNS-GS components are equal, brisk walking for 30 minutes a day instead of 20 minutes a day and stopping alcohol consumption instead of drinking 3 glasses a day correspond to a 2-point increase in PNNS-GS. This tiny increase in PNNS-GS means that, for a woman of 60 kg, weight increase over a 6-year follow-up period would be lowered by a mean of 0.30%, corresponding to 0.18 kg. This difference is not negligible; the mean weight increase is 2 kg among SU.VI.MAX women.
Caution is advised when assessing the external validity of our results. Homogeneity of our population is one possible limitation because these analyses were drawn from a selected population. To limit exclusion due to missing data on physical activity, we used a baseline self-administered questionnaire when Modifiable Activity Questionnaire data were missing and regression imputation for the others. Subjects having complete data for PNNS-GS computation, and clinical data at the first and last clinical examinations, may have been particularly compliant and health conscious, as shown by the comparison of subjects with and without longitudinal anthropometric data. Despite potential overselection in our sample, significant associations were detected. An illustration of our bias selection is that the prevalence of obesity (6.5%) was much lower than the prevalence reported in the mid-1990s in the ObEpi survey (11%) (31), especially since our data were measured, whereas ObEpi weight and height data were self-reported.
Nonetheless, in this cohort, we previously observed a wide diversity of dietary behaviors, and the PNNS-GS displays substantial variability (12) . We reported that PNNS-GS was related to healthier nutritional status in cross-sectional analysis, suggesting a satisfactory evaluation of overall dietary quality (12) .
An a priori method enables focusing on overall diet and thus avoiding limitations of the standard approach to associations between diet and health. Nevertheless, predefined dietary scores also showed some limitations, as recently reviewed (3, 4) . Indeed, a priori indexes implied numerous arbitrary choices, such as selection of components or items, cutoff values, and their scoring system. To be consistent with assessment of adherence to PNNS guidelines, PNNS-GS was constructed to account for all French nutritional recommendations. In addition, PNNS-GS also accounts for excess energy intake, a common limitation in other nutritional scoring systems, since higher scores are, in many cases, due to overconsumption rather than to a better diet. This distinction is particularly important when analyzing determinants of weight gain (4).
The dietary description was relatively accurate in our study because individual dietary intakes were assessed by Abbreviations: CI, confidence interval; PNNS-GS, Programme National Nutrition Santé -Guideline Score; SU.VI.MAX, SUplé mentation en VItamines et Miné raux AntioXydants. a Values are regression coefficients b, 95% CI, P value for a 1-point increase in PNNS-GS, and R-square of the model. b A negative b indicates that the increase (expressed as a percentage of the initial anthropometric marker) was less by b% for a 1-point higher PNNS-GS; a positive b means that the increase was more by b% for a 1-point higher PNNS-GS. c Model 1: adjusted for sex, age, and energy intake. d Model 2: adjusted for sex, age, energy intake, tobacco status, education, supplementation group, height, and baseline anthropometric values.
using repeated 24-hour records instead of a single record (34) . A validated manual containing photographs and a guide for coding foods were provided to facilitate estimation of portion size (15) .Two models were presented because use of confounders substantially modified associations. Nevertheless, we cannot exclude involvement of other potential factors not considered in the present analyses; monitoring of anthropometric changes over follow-up was not one of the primary objectives of this cohort.
In conclusion, better adherence to French nutritional guidelines was associated with a lower increase in body size and adiposity, and with less probability of becoming overweight or obese after a 6-year follow-up period among middle-aged adults. Although PNNS guidelines were primarily developed to prevent chronic diseases, it is noteworthy that adherence to such recommendations may protect against weight gain during adulthood. Moreover, weight gain might in itself mediate the relation between diet and chronic diseases. This observation confirms the importance of public health nutritional programs such as the PNNS in preventing weight increase with aging.
